Abstract
Introduction
Neonail:al Necrotizing Enterocolitis (NEC) is a highly lethal disease of the gastrointestinal tract in the .newborn, primarily in low-birth-weight infant, and is characterized by ischemic necrosis of the bowel wall frequently leading to perforation and death (Mizrahi et al., 1965; Touloukian et al., 1967) . It was Generisch (1891) who firs•t reported on this entity, followed by Thelander This paper tries to present a brief review on tthis highly lethal yet salvageable disease of the newborn infant.
Et!iology and pathogenes·1s
The etiology of Necrotizing Enterocolitis (NEC) in newborn infants is incompletely understtood (Hakanson and Oh, 1977; Hutter et al., 1976) , but that the etiology is multifaotorial is obvious. Only low-birth-weight infants are mostly affected (Frantz et al., 1975) , although ~ts occurrence in full-terms has also been repo11ted (Polin et al., 1976) . Neonatal asphyxia is frequently suggested as a prime factor in the etiology of NEC (Hakanson and Oh, 1977) . Many others have been hypothesized as possible facttors of which some of them are still controversial. Intestinal ischemia (Book et al.., 1975) , infections (Mizrahi et al., 1965 ), cow's milk (Barlow et al., 197 4) , hyperosmolar feedings (Book et al., 1975) , and several other factors are considered to have a close relationship with the pathogenesis of NEC in newborns.
There are 3 essential components for the development of tthe disease (Santulli et al., 1975) : injury to the intestinal mucosa, presence of bacteria, and the availability of a metabolic substrate, i.e. feedings (Engel et al., 1973; Frantz et al., 1974; Polin et al.,1976) . Direct injury to the mucosa may be related to hyperosmolar feedings by aLternating intes.tinal perfusion (Book et al., 1975) . Indirect injury to the mucosa results from selective circulatory ischemia. This is the mostt acceptable 1heory of pathogenesis which is based on "the master switch of life" (Scholander,, 1963) , and which occurs as a physiologic and protective mechanism in diving mammals and birds. This was emphasized by Lloyd (1969) as an important etiology of gastroi.ntestinal perforations of the newborn infant. The high incidence of infection found in NEC has been reported by many authors which is mostly caused by gram-negative microorganisms such as, Salmonella (Stein et al., 1972) , Klebsiella (Hill et al., , and E. coli (Speer et al., 1976) . These implicate enteric bacteria in 1he pathogenesis of the disease. The exclusion of lt. TjANDRA breast milk and substituting i1t with cow's milk have also been considered as impot,tant factors (Barlow et al., 197 4) . Macrophages in the breast milk have been assumed rto be a protective component against NEC . Barlow et al., (1974) were of the opinion that large amount of SlgA, lgG, aotive lymphocyte and specific antibodies in breast milk play a protective role. Mizrahi et al., (1965) poin.rted out that lysozyme deficiency of cow's milk formulas is responsible for the development of NEC in prematures fed cow's milk. A· single case of the disease asssociated with milk intolerance has been reported (Aziz, 1973) . Recenrtly Powell (1976) also described in detail 2 infants wi,lh a syndrome indistinguishable clinically from NEC and provided carefully a documented evidence of an association between their illness and intolerance to whole protein (milk and soy) in rihe neonatal period. Due to the small number of cases, Book et al., (1976a) were unable to conclude whether a rapidfeeding rate played a role in the development of NEC.
Exchange transfusion remains a controversial factor in its relation to NEC (Corkery et al., 1968; Frantz et al., 1975; Roback et al., 1974) . So is rthe relationship between low Apgar score, :umbilical catheter, and the occurrence of NEC Dudgeon et al., 1973; Hopkins et al., 1970) . Two vascular components which are possibly associarted with the development of NEC in small preterm infants are Patent Ductus Arteriosus (Kitterman, 1975) and hyperviscosity (Leake et al., 1975) .
Other faotors which once had also been suggested were, Schwartzman-rlype reaction (Hermam, 1965 ) and immunologic immaturity (Roback et al., 1974) etc. ). The affeoted tissue is so friable that ~t may brick of and separate with handling (Stevenson et al., 1971) . No evidence of vasculitis is seen Stevenson et al.. 1971) . Primary microscopic findings are variable, ranging from submucosal hemorrhage, edema, and ulcemtion to vascular engorgement and thrombosis. Perforations are usually seen in the ileocecal region where the intestinal wall is extremely thin (Touloukian, 1976) . The pathologic lesion is found e1ther in premature babies or term infants (Polin et al., 1976) .
Clinical manifestations
The incidence of this clinical enti,ty ranges from 0.3 1to 8% in various neonatal intensive care units (Bell et The clinical diagnosis is confirmed by X-ray examination in over 98o/o of the cases (Stevenson et al., 1971 ). Abdominal roentgenography is by far the most specific and sensitive test for 'the presence of this condition ). This was, however, denied by Richmand and Mikity (1975) who stated 1that radiographic appearance of NEC is nonspecific and may be seen in other entities in the neonatal pel'iod which produces bowel necrosis., such as mesenteric arterial or venous occlusion or intes:tinal volvulus.
In , 1967) .
Intesil:inal distension in the form of multiple, dilated loops of small bowel is most common, and aLthough it may precedes pneumatosis intestinalis, it is not as specific or diagnostic sign (Santulli et Roback et al., 1974) . Pneumatosis coli without small bowel pneumatosis has generally a far betrter response to medical management (Leonidas and Hall, 1976) . Pneumoperitoneum varies from a smal volume seen only in the erect film rto massive amounts of free air producing the "football sign" with "stitching of rthe football", represented by the falciform ligament outlined by air on either side of it (Berdan et al., 1964; Santulli et al., 1975) . It is a late finding (Stevenson et al., 1971) and an indication for operation (Touloukian, 1976) . Hepatic portal venous gas, a portal flow towards the liver which causes the gas to be seen as fine arborizing channels within rthe liver disrtributed well out to the periphery was first noted by Wolfe and Evans in 1955. This is also a late finding ( In their study of 64 newborn infants with NEC, Polin et al., (1976) were of the opinion that even pathologically no difference exists between term infants and prematures; clinically it is somewhat different. In term infants no asphyxia at birth is found, in contrast to the prematures who are asphyxiated. Protracted diarrhea occurs exclusively in mature infan(rs. Thrombocytopenia and leukopenia occur much more commonly in the premature infants, whereas leukocytosis occurs more frequently in rterm infants. The classic radiologic features are encountered less frequently in term infants than in premature ones.
Hutter et al., (1976) , investigating 40 infants with severe NEC, concluded that a low absolute granulocyte count is associated wi,th a poor prognosis. Thrombocy1topenia occurs commonly in babies with NEC (Toulouldan, 1976) and is considered a significant problem in severe NEC, but may occur with or without evidence of fulminant intravascular coagulation (Hutrter et al., 1976) .
magnosis
The diagnosis of NEC may be made on the basis of symptoms in the first few days of life. Usually an infant of low-birth-weight, who has been doing well and taking feedings, begins 1to vomit or exhibits delayed emptying of the stomach (Mizrahi et al., 1965 ). This will be followed by abdominal distension, bloody stool, and pneumatosis intestinalis. These are usually seen only in fulminant diseases w~th extensive bowel necrosis (Bock et al., 1976a) . If untreated, the infant deteriorates rapidly showing signs of sepsis, DIC and death (Touloukian, 1976) . Early recognition is, therefore, vitally important if the outcome is going 1t0 be improved. Stevenson et al., (1971) strongly recommended abdominal radiographs for any 1nfant who shows evidence of either a generalized systemic disease as manifested by temperature instability, increased apneic episodes, irritabiHty or lethargy, or whose abdominal findings are distension, delayed gastric emptying, or blood in the stools. In the attempt 1to make an early diagnosis, Herbst (1975) showed that an increase in the concentration of reducing substances in the stool of a premature formula-fed baby, using the clinitest method, actually precedes the clinically recognizable signs of acute NEC. Using 'the same method, Book et al., (1976b) suggested that any formula-fed premature infants,,. demonstrating higher than 2-plus fecal reducing substances, deserve careful observation for signs and symptoms of NEC or other serious intestinal disorders. This tes1t, routinely used in all "at risk" babies, has obvious merit in the detection and prevenrtion of the clinical manifes,tations of NEC (Touloukian, 1976) . Radiographic examination of the abdomen is then of utmost importance in establishing the diagnosis by identifying the mosrt frequent, common; and conspicuous signs such as abdominal distension, pneumatosis intestinalis, hepatic porta:! venous gas, or pneumoperitoneum.
Only a few disease of 'the newborn infants mimics this cond1tion, e.g. meconium ileus, intestinal stenosis, meconium plug syndrome, and Hirschprung's disease. These should be differentiated radiographically from the earliest signs of NEC which is a nonspecific intesrlin.al dilatation. A careful history taking. physical examination, and a correct interpretation of 'the radiographic piotures are important in arriving at proper diagnosis.
Prognos! 1 s
Although the prognosis of NEC is serious once the disease is esrtablished, appears rthat the survival rate will be significantly improved by the institution of early a.nd aggressive rtherapy (Santulli et al., 1975) . This demands an acute awareness of the significance of rthe symptom complex, particularly in the premature infants. In spite of improvement, the mortaHty remains considerably high, viz 30%-70% (Behrman, 1973; Frantz et al., 1975) . Early recognition and prompt treatment are essential for survival.
Treatment
The medical rtreatment includes continuous nasogastric suction or decompression, intravenous fluid therapy, sys,temic antibiotics, close attention rto their acidbase and electrolyrte balance, frequent ·physical examination, and roentgenologic sttudies every 4 -6 hours to detect the presence of pneumoperitoneum (Frantz et al., 197 5; Santulli et al., 1975; Touloukian, 1976) . Enteric feeding is entirely discontinued. Intravenous alimentation has to be given until 10 days before oral feeding can be reinsti-,tuted. This is due to the fact that reinstitution of oral feeding prior to 10 days usually will lead to reappearance of clinical and radiographic si&ns of NEC (Frantz et al., 1975; Touloukian, 1976) . This might be explained by the observations of Joshi et al., (1973) thatt epithelialization occurred as early as 3 days after the onset of NEC, but the formartion of granulation ttissue and fibroplastic proliferation were seen within an 8 or 9 day period.
The indications for surgical intervention are: intestinal perforartion indicated by pneumoperill:oneum, metabolic acidosis, and/or shock and DIC (Frantz et al.,1975) , peritonitis, intes,tinal obstruction, and respiratory insufficiency (Dudgeon et al., 1973; Samulli et al., 1975) . Hepatic portal venous gas, which was once considered an ominous roentgenographic sign a.nd regarded as an indication for surgery, has been successfully treated medically by Vollman et al., (1976) . Touloukian (1976) also stated rthat while previously thought to be a 'terminal finding it has been survived following aggressive medical treatment. It seems that a vigorous and continuous medical trea;i:ment and management for at least 10 days is necessary in NEC and can possibly minimize the risk of surgical procedures.
Operative survival equals and occasionally exceeds that of purely medical treattment (Touloukian, 1976 Touloukian (1976) , is a reflection of a better preoperartive preparation, earlier recognition of irreversible signs, and the supportive post-operative care, including the use of parenteral nutrittion. Frantz et al., (1975) , however, in their series found 7 out of 16 (44%) of the medically and 12 out of 38 (31%) of the surgically managed patients who had survived. Notwithstanding the difference of the results of treatment, either surgically or medically, for the rtime being, a close cooperation of both the Surgical and Pediatric departments for us is a condition sine qua nan in lowering the mortality rate of NEC.
Prevention
Low molecular weight dextran has proven effective in the prevention of intestinal perforation of babies wirth NEC. fants to determine if prophylactic therapy would lower rthe incidence of the disease. They concluded that Kanamycin did lower the incidence of NEC, but doubted that it would absolutely prevent irt. This has been negatively commented by Nelson (1976) . The use of breast milk in this case still awaits resuLts of ongoing studies (Touloukian, 1976 
